In minimal anomaly-mediated supersymmetry breaking models, tachyonic sleptons are avoided by introducing a common scalar mass similar to the one introduced in minimal supergravity. This may lead to non-minimal flavour-violating interactions, e.g., in the squark sector. In this paper, we analyze the viable anomaly-mediated supersymmetry breaking parameter space in the light of the latest limits on low-energy observables and LHC searches, complete our analytical calculations of flavour-violating supersymmetric particle production at hadron colliders with those related to gluino production, and study the phenomenological consequences of non-minimal flavour violation in anomaly-mediated supersymmetry breaking scenarios at the LHC. Related cosmological aspects are also briefly discussed.
INTRODUCTION
Many alternatives to the Standard Model (SM) of particle physics have been proposed over the last thirty years. Among these, supersymmetry (SUSY), and particularly its minimal version dubbed the Minimal Supersymmetric Standard Model (MSSM) [1, 2] , is one of the most popular SM extensions. It consists in a symmetry linking fields with opposite statistics, matching thus a bosonic (fermionic) superpartner with each fermionic (bosonic) SM degree of freedom. As a consequence, it predicts the stabilization of the gap between the electroweak and the Planck scale, gauge coupling unification at high energies, and a lightest supersymmetric particle, which is weakly interacting and stable and thus a good dark matter candidate. Since the superpartners of the SM particles have not yet been observed and in order to remain a viable solution to the hierarchy problem, SUSY must be softly broken at low energy, which makes the SUSY particles massive, with a mass lying in the TeV range. Therefore, SUSY searches at present hadron colliders, such as the Tevatron at Fermilab or the LHC at CERN, are important topics of the current experimental high-energy physics program.
Within the Standard Model, flavour violation in the quark sector arises only through the rotation of the up-and down-type quark interaction eigenstates into the basis of physical mass eigenstates. Four bi-unitary matrices are required to diagonalize the quark Yukawa matrices, which renders the charged-current interactions proportional to the unitary CKM matrix V CKM . In the super-CKM basis [3] , the squark interaction eigenstates undergo the same rotations as their quark counterparts, so that their charged-current interactions are also proportional to the CKM matrix. However, in non-minimal flavour-violating supersymmetric theories, the quark and squark fields can be misaligned due to additional sources of flavour violation which are related to the breaking of supersymmetry. As a consequence, this leads to flavour-violating (non-diagonal) entries in the squark mass matrices.
In recent works, we have analysed the cases where such soft terms appear in (non-minimal) supergravity and gaugemediated SUSY breaking scenarios [4, 5] . In the first case, supersymmetry is broken in a hidden sector and transmitted to the visible sector of squarks, sleptons, gauginos and gluinos through gravitational interactions. Soft masses for sfermions are induced by direct Kähler interactions, which can in general be flavour non-diagonal [1, 6, 7] . In the second case, the breaking of supersymmetry is mediated to the visible sector via gauge interactions with messenger fields in a flavour-conserving fashion [8] [9] [10] [11] . However, it has recently been shown that non-minimal versions of the gauge-mediated SUSY-breaking mechanism can yield important flavour-violation in the squark and slepton sectors [11] [12] [13] .
When SUSY is broken in a hidden sector, the soft masses also receive contributions from quantum effects due to the superconformal anomaly [14] [15] [16] [17] . In this work, we therefore consider this so-called anomaly-mediated SUSY-breaking (AMSB) scenario, where those anomaly-mediated effects are large compared to all other sources of SUSY-breaking, which are subdominant. We extend our previous work on flavour violation [4, 5] by investigating possible non-minimal flavour violation within the AMSB context. This paper is organized as follows: In Sec. 2, we define anomaly-mediated supersymmetry breaking scenarios and show how non-minimal flavour violation can appear. In Sec. 3 we impose current experimental constraints on the flavour-violating AMSB scenario and perform scans of the parameter space. In addition, experimentally allowed benchmark points are defined. Cross sections for the production of at least one gluino are analytically and numerically computed in Sec. 4 . We dedicate Sec. 5 to an analysis of the possible cosmological constraints related to the presence of cold dark matter in our Universe. Our conclusions are presented in Sec. 6.
ANOMALY MEDIATION AND FLAVOUR VIOLATION IN THE SQUARK SECTOR
In AMSB scenarios, the soft terms are related to the anomalous dimensions of the different fields and have the feature to be renormalization-group invariant [18, 19] . As a consequence, they are fully determined by the known low-energy gauge and Yukawa couplings and an overall mass scale m aux , the vacuum expectation value of the scalar auxiliary field of the gravitation supermultiplet. This scale is expected to be of the order of the gravitino mass m 3/2 , and we assume in the following, to simplify, m 3/2 = m aux . Consequently, the model is highly predictive, with fixed mass ratios and distinctive signatures [16, [20] [21] [22] [23] . Among all the predictions, one finds, however, tachyonic sleptons. This problem must be cured in order to have a phenomenologically viable model. Several solutions have been proposed [14, 17, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] , and we adopt here the phenomenological approach of assuming non-negligible contributions to the scalar soft masses, induced, e.g., by supergravity, which makes their square positive at the weak scale. However, in this case, solving the tachyonic sfermion mass problem can also introduce non-minimal flavour violation in the theory, through possible non-diagonal flavour-violating soft mass terms.
The squark mass matrices are written, in the super-CKM basis, as
In this Section, we discuss the most relevant experimental measurements that can be used to constrain the parameter space of the MSSM. Apart from direct searches for superpartners at collider experiments, and particularly the recent results of the ATLAS and CMS experiments at the LHC [36, 37], numerous low-energy and electroweak precision measurements [38, 39] constrain masses and mixings of the superpartners. They can often impose stronger limits on the flavour-violating entries introduced in Sec. 2.
Extensive studies of the kaon sector, B-and D-meson oscillations, rare decays, and electric dipole moments suggest that only flavour mixing involving the second and third generations of squarks can be substantial, and this only in the left-left and right-right chiral sectors, which mix the superpartners of the left-handed and right-handed quarks [34, [40] [41] [42] . For this reason, we restrict ourselves to the simpler scenario where only the flavour-mixing parameters related to the second and third generations and non mixing squark chiralities can be non-vanishing,
The parameter related to the mixing among second and third generation down-type squarks λ sb LL is not a free parameter of our simplified model, since it is connected to λ L through Eq. (2.4).
The measurement of the rare b → sγ decay represents one of the most stringent constraints on these squark mixings. The inclusive branching ratio is determined to be
from BABAR, BELLE, and CLEO data [39] . For the theoretical error estimate, we refer to the discussion in Refs. [43, 44] . Squark diagrams contribute already at the one-loop level, as do the SM particles. As a consequence, this measurement can lead to strong constraints on the squark masses and couplings, especially on the λ L parameter of the left-left chiral sector, since the lightest neutralinos and charginos appearing in the loops are mostly winos coupling to the left-handed components of the squark mass-eigenstates. The same arguments apply to the b → sµ + µ − branching fraction, experimentally measured as [39] 
the associated theoretical uncertainties being computed in Ref. [45] , or to the B where the theoretical uncertainty of 3.3 ps −1 at the 95% confidence level has been derived in Ref. [47] , allows to constrain the magnitude of the above-mentioned flavour-violating parameters.
Another important consequence of NMFV mixing in the squark sector is a large splitting between squark mass eigenvalues. This influences the Z-and W -boson self-energies at zero momentum, contributing hence to the electroweak ρ-parameter
the experimental value arising from combined fits of the Z-boson mass, width, and pole asymmetry as well as of the masses of the W -boson and the top quark [38] . Furthermore, recent measurements of the anomalous magnetic moment of the muon (g − 2) µ indicate a discrepancy of about 3σ between the data and the Standard Model predictions [38] ,
This gap could be explained by new physics. In the case of supersymmetric scenarios, the leading contributions, depending on the smuon, sneutrino, chargino and neutralino masses, have been found to be proportional to the sign of the µ-parameter [48] . Since negative values would then increase the discrepancy, we limit ourselves to positive values of µ. Moreover, since squarks contribute only at the two-loop level, the dependence on flavour violation in the squark sector is expected to be considerably reduced. Finally, from direct searches of the Higgs boson, we ask for the mass of the lightest Higgs-boson to fulfil
The lower bound is based on the exclusion limit of m h < 114.4 GeV from LEP [38] , after accounting for a theoretical uncertainty of about 3 GeV [49] , whilst the upper bound corresponds to the non-observation of a Higgs boson by the ATLAS and CMS experiments [50, 51] . For a restricted set of universal scalar mass m 0 , introduced to solve the tachyonic slepton problem, smaller than a few TeV, the upper bound is almost always satisfied. Considering quantum corrections, the Higgs mass m h depends on the squark masses, and thus on the flavour-violating entries in the associated mass matrices.
Analysis of the parameter space related to AMSB scenarios with non-minimal flavour violation
In order to study the phenomenology of AMSB models including non-minimal flavour violation, we have scanned over the parameter space of the model, generalizing the squark mass matrices by including the three flavour-violation parameters presented in Eq. (3.1). Our procedure starts at a high-energy scale, where we define our input parameters as the gravitino mass m 3/2 , the universal scalar mass m 0 introduced to solve the tachyonic slepton problem, the ratio of the two neutral Higgs field vacuum expectation values tan β = v u /v d , and the sign of the Higgs mixing parameter sgn(µ). The soft supersymmetry-breaking terms at the electroweak scale are then obtained through renormalization group running using the SPheno package version 3.0 [49] , which solves the renormalization group equations numerically to two-loop order and extracts the particle spectrum and mixings at the electroweak scale at the one-loop level for the matter and gauge sectors and at the two-loop level for the Higgs sector. It also computes the electroweak precision and low-energy observables presented in Sec. 3. On the left panel of Fig. 1 , we also show the exclusion limits on the parameter space of AMSB scenarios obtained from a reinterpretation of the results of the direct searches for superparticles at the LHC in the AMSB context [53] , as well as the region where the mass of the lightest Higgs boson is close to 125 GeV, a value favoured by the recent observations of the ATLAS and CMS experiments [50, 51] . However, in the absence of a confirmed signal for a Higgs boson in that mass range, we do not consider this last limit for our analysis in the sequel.
The size of the regions, where the gap between the data and the predictions for the anomalous magnetic moment of the muon a µ is closed, is relatively small. Moreover, a significant fraction of it is excluded by the b → sγ constraint, as it has also been found in Refs. [35, 54] . Hence, a possible explanation of the discrepancy between theory and data for this observable by contributions related to AMSB scenarios is rather difficult. However, the dominant supersymmetric contributions to a µ highly depend on the slepton masses, entering into the theoretical calculation already at the oneloop level. Since in the context of AMSB scenarios, any prediction associated to the slepton sector is tightly linked to the employed solution to solve the tachyonic slepton problem, we choose to relax the constraint associated to the anomalous magnetic moment of the muon. This is also motivated by the fact that non-minimal flavour violation in the squark sector, i.e., the scope of this paper, contributes subdominantly, at the two-loop level, to a µ , so that it becomes almost independent of the λ-parameters as it was already noticed in the discussions of Refs. [4, 5] .
We now turn to non-minimal flavour violation in AMSB scenarios, where non-vanishing λ-parameters can arise, e.g., from non-trivial Kähler interactions as in supergravity. In our phenomenological approach, we introduce non-minimal flavour violation at the weak scale, generalizing the squark mass matrices by introducing the three parameters defined in Eq. (3.1). We use again the SPheno 3.0 program to diagonalize the squark sector and compute the flavour and weak observables presented in Sec. 3.1. In Figs. 2 and 3, we depict the impact of the considered NMFV parameters on these observables, showing the associated constraints on the non-minimal AMSB parameter space. We impose the above-mentioned limit for the Higgs-boson mass, i.e., m h > ∼ 111 GeV (see the discussion in Section 3.1), as well as all the other constraints at the 2σ confidence level. We present different typical AMSB planes for different values of the flavour-violating λ-parameters, keeping only the most constraining observables for clarity and neglecting the anomalous magnetic moment of the muon for the reasons mentioned above.
Typical scans in the (m 0 , m 3/2 ) planes of the AMSB parameter space are shown in Fig. 2 . We use a fixed value of tan β = 10 and choose a positive sign for the µ-parameter. Comparing with the corresponding minimal AMSB results (left panel of Fig. 1 ), we find that the most sensitive observable is the b → sγ branching ratio, which directly probes squark mixing in the left-left chiral sector, i.e., the λ L -parameter. This strong dependence is due to squark and neutralino-chargino loops, involving SU (2) L interactions between squarks, quarks and neutralinos or charginos, proportional to the squark mixing matrices R u and R d (see Eq. (4.5) below). This also explains the less pronounced sensitivity to NMFV mixing in the right-right chiral sectors (λ u and λ d ), where the results do not show any strong dependence on the λ-parameters. At intermediate values of λ L ∼ 0.1, the interplay between squark masses and mixings is such that almost all the parameter space accessible by renormalization group running remains allowed by the b → sγ branching ratio compared to the minimal results of Fig. 1 . Similar conclusions hold for the b → sµµ branching ratio, not presented on the figures for clarity. The other considered observables, e.g., the constraint on the lightest Higgs boson mass, are barely sensitive to non-minimal flavour violation, as the dependence on the squark sector is subdominant.
In Fig. 3 , we investigate the dependence of the predictions for weak and flavour observables on tan β. We first fix the universal scalar mass m 0 to 1 TeV and scan over the (tan β, m 3/2 ) plane. Secondly, we fix the gravitino mass m 3/2 to 60 TeV and scan over the (tan β, m 0 ) plane. In both cases, the sign of the µ-parameter is again chosen to be positive. As for the analysis in Fig. 2 , the most sensitive observables to non-minimal flavour violation are the b → sγ and b → sµµ branching ratios. Since the constraints related to the second decay are weaker and overlapping with those of the first, they are again omitted from the figures. The regions of the parameter space excluded by the constraints associated to the b → sγ branching ratio increase with the values of the flavour-violating parameter λ L . For small values, squark mixings and mass effects compensate, which leaves again almost all the parameter space open. In fact, the exclusion contours related to the b → sγ branching ratio even vanish, when λ L increases slightly. Such contours reappear only at much larger λ L values. As a consequence, for tan β > ∼ 20, possible flavour violating entries in the squark mass matrices are reduced to be rather modest, i.e., λ L < ∼ 0.15. On the other hand, very low Let us finally note that the results for non-minimal flavour violation in the right-right chiral sector are unchanged with respect to the minimal case shown in Fig. 1 , and we subsequently do not present the corresponding figures.
Benchmark scenarios for non-minimally flavour violating AMSB scenarios
Inspecting the various AMSB planes presented in Sec. 3.2, we select three benchmark scenarios allowed by the present low-energy and electroweak precision constraints, which permit a sizeable mixing between second and third generation squarks and which are collider-friendly in the sense that one or several superpartners could be produced with a large rate at the LHC. This means that at least some of the superpartners should not be too heavy. The chosen benchmark points are presented in Tab. I, together with the SPS9 benchmark point [55] which is shown as a reference. As a generic feature for all the four points, the gravitino mass is taken as m 3/2 = 60 TeV and the sign of the off-diagonal Higgs mixing parameter is positive, for the reasons discussed in Sec. 3.1. Due to the renormalization group running invariance of the gaugino mass parameters M 1 , M 2 and M 3 , the dependence of the masses of the gluino, the two lightest neutralinos and the lightest chargino, all mainly gaugino-like, on m 0 and tan β is reduced and subdominant. Therefore, they are roughly identical for all scenarios, with mg ∼ 1300 − 1400 GeV, mχ0 1 ∼ mχ± 1 ∼ 175 GeV, and mχ0 2 ∼ 550 GeV. In contrast, the scalar spectrum is quite different. The point SPS9 presents a low value of tan β = 10 as well as a relatively low sfermion mass parameter m 0 = 450 GeV. Therefore, the masses of the colour-neutral scalar partners of the SM fermions remain rather moderate, while the squark masses are comparable to the gluino mass. The lightest Higgs boson mass, m h 0 = 118.4 GeV, lies well within the limit of Eq. (3.8). Our first benchmark point I differs very little from the SPS9 scenario, with a moderately larger universal scalar mass m 0 = 1 TeV. As a consequence, the slepton masses are of about 1 TeV, while the squarks are only slightly heavier. Even if the lightest Higgs boson mass is now a bit smaller, it lies still well above the excluded limit.
The points II and III feature higher values for tan β = 20 and 30, respectively. In order to be able to solve the renormalization group equations, one must then either decrease the value of m 3/2 or increase the value of m 0 , as it can be seen from Fig. 1 . Since the first possibility does not allow for large NMFV mixing in the squark sector due to the b → sγ branching ratio constraint, we adopt the second choice and fix the universal scalar mass to m 0 = 2 TeV and 3 TeV for the scenarios II and III, respectively. Sfermions are therefore considerably heavier, with masses lying in the 2 − 3 TeV range. The mass of the lightest Higgs boson lies still above the constraint of Eq. (3.8). Let us note that for these two scenarios, the squarks are lighter than the sleptons, which may lead to non-leptonic supersymmetric cascade decays as a typical collider signature.
Starting from the minimally flavour-violating scenarios I, II, and III, we now include possible non-minimal flavourviolation in the squark sector, i.e., we allow for λ L , λ u and λ d to be non-vanishing. However, we restrain ourselves to the cases where the off-diagonal entries in the squark mass matrices do not exceed the diagonal ones, i.e., |λ| < 1. We investigate in Fig. 4 For scenario I, we show in Fig. 5 the dependence of the mass eigenvalues and the flavour decomposition of selected down-type squarks on the NMFV-parameter λ d , as an example, which induces ab R −s R mixing. With increasing off-diagonal elements in the squark mass matrix, the resulting splitting of the physical mass eigenvalues becomes more 
in the case of our three reference scenarios of Tab. I. The limits are given under the assumption of a single NMFV parameter, i.e., where only one single parameter is allowed to vary, the other being set to zero. If no value is indicated, the whole explored range of −1 < λ u,d < 1 is allowed. important. Consequently, the lightest down-type squarkd 1 becomes lighter, while the mass of the heaviest down-type stated 6 increases. The altered mass splitting is accompanied by changes in the flavour decomposition of the involved squark states. In particular, at points where two squark mass eigenvalues should cross, the two corresponding eigenstates exchange their flavour content and undergo a so-called "avoided crossing" [4] . As can be seen in Fig. 5 , in the MFV-case the lightest down-type squarkd 1 is a pure left-handed sbottom. For λ d > ∼ 0.3, this state acquires a sizeable admixture of thes R andb R squark, while itsb L content drops accordingly. In a similar fashion, the next-to-lightest down-type squarkd 2 is purely bottom-like at λ d = 0 and gets a sizeable strange admixture in the flavour-violating case. At λ d ∼ 0.3, an avoided crossing of the two mass eigenvalues ofd 1 andd 2 is observed and the two states exchange their flavour content. For λ d > 0.3, the lightest down-type squark is then a mixture of thes R andb R eigenstates, whilst the next-to-lightest one becomes a pureb L state. Among the other mass eigenstates, only the heaviest down-type squark is fairly affected by λ d mixings. In the absence of additional flavour violation, i.e., in the λ d = 0 case, this state is purelyd R -like (not shown in the corresponding graph for the sake of visibility). However, for λ d > ∼ 0, it immediately undergoes an "avoided crossing" withd 5 and exchanges its flavour content, being then a pures R state.
With increasing values of the λ d parameter, this squark gradually gets a larger and largerb R component, and maximal mixing is reached for λ d > ∼ 0.4. Avoided crossings and similar mass splittings also occur for the two other scenarios, as presented in Figs. 6 and 7, as well as for up-type squarks and the variations of the other flavour-violating parameters λ L and λ u (not shown). This behaviour can lead to interesting phenomenological consequences for production and decays of squarks and gluinos, as it has been shown in Refs. [4, 5, [56] [57] [58] [59] [60] [61] . In particular, the dependence of the gluino production on the non-minimal flavour-violation parameters is discussed in the following Section.
In Figs. 8, 9 and 10, we show the theoretical predictions for the branching ratios of the rare decays b → sγ and b → sµµ as well as the meson-oscillation observable ∆M B 0 s as a function of the left-left mixing parameter λ L . These three observables are rather sensitive to non-minimal flavour violation and can therefore be used to constrain the possible values of the λ-parameters, contrary to the branching ratio B 0 s → µ + µ − , for which the predictions lie well below the observed upper bound of Eq. (3.4), for any value for the λ-parameters, and are given by (5.0 . . . 5.2) × 10 −9 , (5.2 . . . 6.3) × 10 −9 and (5.0 . . . 9.0) × 10 −9 for our scenarios I, II and III, respectively. As already discussed above, the decay b → sγ is very sensitive to additional flavour mixing, particularly in the left-left sector. Together with its high experimental precision, this makes it the most stringent constraint in this case. Hence, as shown in the figures, the lower limit of the interval given in Eq. 
NON-MINIMALLY FLAVOUR VIOLATING GLUINO HADROPRODUCTION

Generalized couplings in NMFV supersymmetry
In our previous publications, we have computed the cross sections for the production of gaugino and squark pairs in the framework of non-minimally flavour-violating supersymmetry [4, 5] . In this work, we add the missing channels related to gluino production. We first introduce our conventions for the generalized strong and electroweak couplings which will appear in our analytical calculations of the cross sections. Non-minimal flavour violation in the strong sector can arise from interactions between gluinosg, quarks q and left-(right-)handed squarksq L (q R ) described by the (flavour-diagonal) Lagrangian [1, 2] 
where f stands for a flavour index, T a and g s are the fundamental matrices and the coupling constant associated with the SU (3) c gauge group, and P L denotes the left-chirality projection operator acting on four-component spinors. Rotating to the mass-eigenstate basis, flavour violation is introduced through possible non-diagonal entries in the matrices R q . In this case, the left-handed and right-handed coupling strengths become proportional to
Similarly, for the electroweak sector, non-minimally flavour-violating interactions can arise in the chargino and neutralino couplings to quarks and squarks. We start from the Lagrangian
whereB,W andH {u,d} are the four-component bino-, wino-and higgsino-eigenstates and Q (Q), u (ũ) and d (d) the doublet of left-handed (s)quarks and the up-and down-type right-handed (s)quarks, respectively. In the Lagrangian above, we denote the hypercharge and weak coupling constants g and g W , while the generators of SU (2) L are given by σ/2, σ being the Pauli matrices. Finally, y u and y d are the up-type and down-type quark Yukawa matrices, which once diagonalized are proportional to the quark masses,
Here,ŷ {u,d} denote the diagonalized Yukawa matrices. After rotating to the mass-basis, one obtains the coupling strengths
where we follow the notations of Sec. 2. In addition, we introduce the mass of the W -boson m W , the cosine of the electroweak mixing angle c W , and the matrices N , U and V related to the gaugino/higgsino mixing.
Analytical results
We compute the partonic cross sections related to gluino production, i.e., for the processes 6) and present the results for definite helicities h a,b of the initial partons a, b = q,q, g in terms of the squark masses mq j , the chargino and neutralino masses mχ j , the gluino mass mg, the Mandelstam variables
and the mass-subtracted Mandelstam variables
Unpolarized partonic cross sections dσ and single-and double-polarized cross partonic sections dσ L and dσ LL , averaged over initial spins, can easily be derived from the helicity-dependent result,
The strong production of a pair of gluinos proceeds either from the annihilation of a quark-antiquark pair in the initial state, as shown in Fig. 11 (top) , or from the fusion of two initial gluons,
as can be seen in the lower part of Fig. 11 . Since the latter is independent of squark exchange, the corresponding differential partonic cross section, averaged on the initial colour states and taking into account the symmetry factor relative to the production of two identical particles, is independent from any possible source of flavour violation in the squark sector. It is given by 12) where N c denotes the number of colours. This result agrees with those of Refs. [62, 63] after summing over the initial gluon polarizations. Contrary, the quark-antiquark channel contains t-channel and u-channel squark exchanges. However, even if a given squared diagram or interference term depended on some combination of the element of the squark mixing matrices, the sum over all possible squark exchanges is expected to considerably reduce the flavourviolation dependence of the cross section. The latter can be expressed as with the generalized charges 14) where for the sake of simplicity we have introduced the generic notation
This reproduces both the polarized and unpolarized results of Refs. [62, 63] in the flavour-conserving MSSM limit. An associated pair of a gluino and a squark originates from quark-gluon initial states, 16) and proceeds through an s-channel quark, t-channel squark, or u-channel gluino exchange as it is illustrated in Fig.  12 . Since each contribution involves a coupling between a quark, a squark and a gluino, this process can in general violate flavour. The differential cross section is given by 17) which agrees again with the polarized and unpolarized results of Refs. [62, 63] in the flavour-conserving MSSM limit and after summing over mass-degenerate squarks. The cross section for the charge-conjugate process can be easily derived by replacing h a → −h a . Finally, the associated production of a gluino and a chargino or of a gluino and a neutralino,
can be mediated through a t-channel or u-channel squark exchange, as shown in Fig. 13 , and can thus involve flavour- violating interactions. The differential cross section is given by
where we have introduced the generalized charges, In this section, we present numerical predictions in the context of non-minimally flavour violating supersymmetry at the LHC for cross sections related to the production of gluino pairs as well as to the one of associated pairs of a gluino and a squark, an antisquark, a chargino or a neutralino. Squarks and gluinos are expected to be copiously produced at the LHC, due to their strong couplings to quarks and gluons. However, in the case of the benchmark scenarios presented in Tab. I, the high mass of the coloured superpartners drastically reduces the LHC sensitivity, most of the channels being hence largely phase-space suppressed. Therefore, we focus on pp-collisions at the LHC design centre-of-mass energy of √ S = 14 TeV, supposed to be reached in the second phase of the running of the LHC, after the shutdown of 2013.
Thanks to the QCD factorization theorem, total hadronic production cross sections can be computed by convolving the partonic cross sections derived in Sec. 4.2, summed and averaged over final and initial spins, respectively, with the universal parton densities f a/p and f b/p of partons a, b in the proton, which depend on the longitudinal momentum fractions of the two partons x a,b = √ τ e ±y and on the unphysical factorization scale µ F ,
Neglecting all quark masses but the top mass, we employ the leading order (LO) set of the CTEQ6 parton density fit [64] , which includes n f = 5 light quark flavours and the gluon, but no top-quark density. Consistently, the strong coupling constant g s is evaluated with the corresponding LO value of the QCD scale Λ n f =5 LO = 165 MeV. For all our results, we identify the renormalization scale µ R with the factorization scale µ F and set the scales to the average mass of the final state supersymmetric particles m.
For gluino pair production as well as for the associated production of a chargino or a neutralino with a gluino, only the t-and u-channel diagrams depend on the flavour-violating parameters in the squark sector since they contain a squark propagator (see the Feynman diagrams shown in Figs. 11 and 13 ). However, all squark eigenstates contribute to the total cross section and the corresponding diagrams must be summed over, leading subsequently to production cross sections insensitive to non-minimal flavour-violation. We present these results, therefore independent of the λ-parameters, in Tab. III, both for our scenarios I, II and III as well as for the SPS 9 benchmark point as a reference. Strong gluino pair production is clearly dominant, and the luminosity required to observe possible signal events is not so high. In contrast, the cross sections related to the semi-weak production of a gluino and a chargino/neutralino vary from O(10) fb for the lightest chargino and neutralino case to the barely visible level of O(10 −3 ) fb for the heavier superpartners.
Contrary to the previous cases, associated squark and gluino production shows an interesting dependence on the non-minimal flavour-violation λ-parameters, as illustrated in Figs. 14, 15 and 16 for our scenarios I, II and III, respectively. Moreover, the cross sections are fairly high, reaching the level of several hundereds of fb for many channels, which makes them nice candidates to study non-minimal flavour violation in supersymmetry at the LHC. Analyzing the dependence of the cross section on the λ-parameters, sharp and smooth transitions can be observed, the first ones being related to the presence of an avoided crossing and the second ones to a smooth change in the from recent WMAP data combined with measurements related to supernovae and baryonic acoustic oscillations [65] . Here, h is the present Hubble expansion rate in units of 100 km s −1 Mpc −1 . New physics models should therefore include a viable dark matter candidate that can account for the above amount of dark matter.
In AMSB models, the lightest of the four neutralinos is the lightest superpartner and therefore the dark matter candidate, if R-parity is assumed to be conserved. After the renormalization group evolution from the high-scale parameters to the weak scale, the wino mass parameter M 2 turns out to be smaller than the bino and gluino masses M 1 and M 3 . In consequence, in AMSB scenarios the lightest neutralino is wino-like. This is in contrast to, e.g., models based on minimal supergravity where usually M 1 < M 2 leading to a bino-like LSP. Since also the chargino mass is governed by M 2 , the mass difference between the lightest neutralino and the lightest chargino is rather small. For our reference scenarios, the mass difference is less than a GeV, as can be seen in Tab. I. Due to the larger pair annihilation cross section as compared to the bino and due to efficient co-annihilations with the chargino, the resulting relic density of the thermally produced neutralino is usually one or two orders of magnitude below the range given in Eq. (5.1) [66, 67] . Using the public programme DarkSUSY [68] , we obtain the values Ωχ0 for the scenarios of Tab. I, respectively. However, thermal production of neutralinos is not the only mechanism to be considered. Possible non-thermal production modes include the decay of heavy fields such as moduli or gravitinos in the early universe [67, 69] . Moreover, axions and axinos can contribute to the dark matter relic abundance [70, 71] . The contribution to the neutralino relic density from moduli decay can be estimated as [72] It depends on the neutralino mass mχ0 1 , the mass of the moduli fields m Φ , the effective number of degrees of freedom g * , and the thermally averaged annihilation cross-section σv . In Fig. 17 , we depict isolines of the neutralino relic ∼ 175 GeV and moduli masses comparable with the gravitino mass, m Φ ∼ m 3/2 ∼ 60 TeV, which is consistent with gravity and anomaly mediation [72] , this yields nearly the measured abundance of Eq. (5.1).
The neutralino relic abundance from gravitino decay is directly related to the thermal abundance Ω 3/2 h 2 , that the gravitino would have if it did not decay. The latter is obtained from computing the thermal production of gravitinos in the early universe. More precisely, the resulting neutralino relic density can then be evaluated according to [73] 
where the ratio of neutralino and gravitino mass expresses the fact that each gravitino decays into one stable neutralino. The thermal gravitino production depends linearly on the gravitino mass m 3/2 and the reheating temperature T R of the universe after inflation. The sum runs over the three gauge groups U (1), SU (2), and SU (3), g i are the coupling constants of the three gauge groups, and M i the mass parameters of the associated gauginos. Note that in Eq. (5.3), g i and M i are evaluated at the reheating scale T R . The constants ω i and k i are given by ω i = 0.018, 0.044, 0.117 and k i = 1.266, 1.312, 1.271 for i = 1, 2, 3, respectively [73] . The right panel of Fig. 17 shows the resulting neutralino relic density as a function of the reheating temperature for the situation corresponding to the scenarios of Tab. I. For low values of T R , the thermal neutralino production dominates, leading to the value of Ωχ0 1 h 2 = 8.57 · 10 −4 already mentioned above. For T R > ∼ 10 7 GeV, the contribution from gravitino decay becomes dominant and Ωχ0 1 h 2 grows linearly with T R . As can be seen, the observed relic density of Ωχ0 1 h 2 ∼ 0.11 is obtained for a reheating temperature of T R ∼ 10 10 GeV, which is well compatible with thermal leptogenesis [74] .
The relic abundance of the neutralino may also depend on flavour violating entries of the squark (or slepton) mass matrices. In Ref. [75] this has been studied for the case of minimal supergravity scenarios, where flavour violating couplings can modify the annihilation and coannihilation modes that enter the Boltzmann equation in the typical scenario with thermal production of neutralinos. Similar conclusions have been found for flavour non-diagonal entries in the leptonic soft matrices [76] . Flavour-violating effects are, of course, also present in the discussed cases of moduli or gravitino decay. A full study of their impact within this context is, however, clearly beyond the scope of this work.
CONCLUSION
In this paper, we have studied the consequences of non-minimal flavour violation in minimal anomaly-mediated supersymmetry breaking models, where tachyonic sleptons are avoided by introducing a common scalar mass similar to the one introduced in minimal supergravity. In these scenarios, new sources of flavour violation are in general introduced at high scales, leading to different flavour mixings for SM particles and their superpartners at the weak scale.
Using the conventional parameterization of squark mixing at the weak scale, we analyzed the viable AMSB parameter space in the light of the latest limits on low-energy observables and of the latest results from direct searches for Higgs and SUSY particles at the LHC. We found that intermediate values of tan β = 10...30 and relatively large scalar masses of m 0 = 1...3 TeV, increasing with tan β, were preferred and allowed for sizeable flavour violation in the left-left and essentially unconstrained flavour violation in the right-right squark sectors.
We completed our analytical calculations of flavour-violating supersymmetric particle production at hadron colliders with those related to gluino pair production and to the associated production of gluinos with charginos and neutralinos as well as with squarks. The corresponding cross sections were expected to be large due to the strong coupling of gluinos to the initial quarks and gluons. Flavour violation effects were expected to be only significant for the associated production of gluinos and squarks, since the other processes involved (almost) complete sums over internal squark exchanges.
This was confirmed in our numerical analysis for the high-energy phase of the LHC, where phenomena such as avoided crossings or smooth flavour dependences known from our previous studies could again be observed. For the experimental analysis of the ensuing cascade decays, leading to final states with second and third generation quarks and missing transverse energy, we referred the reader to previously published dedicated studies performed, e.g., in supergravity models. The corresponding analysis in AMSB models was beyond the scope of this paper and is left for future work.
Finally, we briefly addressed the related cosmological aspects, showing that the well-known problem of dark matter underabundance in minimal AMSB models could be solved with moduli or gravitino decays also in the presence of flavour violation.
